Abstract: By using the reductive perturbation theory, the Kadomstev-Petviashvili (KP) equation in unmagnetized dusty plasmas with variable dust charge, electrons with Boltzmann distribution and nonthermal ions, is derived and the propagation of nonlinear waves is analyzed. It is found that compressive and rarefactive solitons can be appeared. Amplitude of solitonic solutions of KP equation becomes diverges at the critical densities.
Introduction
The study of dusty plasmas represents one of the most rapidly growing branches of plasma physics. The dust grains are usually of micrometer or sub-micrometer size and their masses are very large. Experimental observations have confirmed the existence of linear and nonlinear feature of both dust acoustic waves (DAW) and dust ion acoustic waves (DIAW) [1] . DAWs with nonthermal ions and constant dust charge have been studied by Lin and Duan [2] . Duan have also investigated DAW with hot dusty plasmas [3] . Also Duan et al. have studied the nonlinear Schrödinger equation and stability of solitons in unmagnetized warm dusty plasmas and magnetized dusty plasma [4] . Also, Mamun and Shukla have already studied spherical and cylindrical dust acoustic waves. Gao and Tian have continued their works on DAW and DIAW. El.labany et al. have studied warm dusty plasmas with vortex like distributed electrons and have obtained modified KdV equation for different orders of dispersion terms. DAWs in the presence of hot and cold dust have been worked [5] . Wang et al. have studied the effects of negative ions on solitary waves in dusty plasmas by using the Sagdeev potential. Cylindrical KP equation in warm dusty plasmas with two ions has been studied by Wang and Zhang. Zhang and Xue have investigated dusty plasma systems containing dust charge fluctuation in which densities of electrons and ions vary with x coordinate. They did it successfully and derived shock waves and solitary waves in these mediums [6] . In above cases charge of dust particles is constant. Solitary waves of the KdV equation have been studied in dusty plasma with variable dust charge in [7, 8] . Gill et al. have also analyzed solitons of KP equation for these plasmas with two temperature 1 To whom any correspondence should be addressed ions [9] . In present paper, we study the nonlinear waves in dusty plasmas with variable dust charge; Boltzmann distributed electrons and the nonthermal ions. In section 2 the basic set of equations is introduced. We derive the KP equation by using the reductive perturbation method in section 3. In section 4 the modified KP equation is derived at the critical density. Finally, conclusions and remarks are given in section 5.
Basic equations
We consider the propagation of dust acoustic waves in collisionless, unmagnetized dusty plasma consisting of high negatively charged dust grains, variable dust charges, nonthermal ions and Boltzmann distributed electrons. Total charge neutrality at equilibrium requires that is the unperturbed number of charges on the dust particles. The following set of normalized two dimensional equations of motion describes the dynamics of dust acoustic wave in the variable dust charge plasmas: 
are the electron and ion currents. We further suppose that the streaming velocities of electrons and ions are much smaller than the thermal velocities. Notice that the characteristic time for dust motion is around while the dust charging time is typically about [9] . So the dust charge reaches its equilibrium position quickly. Thus (7) where .... ψ so we can write 
... 
Coefficients of nonlinear and dispersion terms are 
Recently Zhang S. has derived generalized solutions of (3+1)-dimensional KP equation [10] . Onesolitonic solution for (11) is given by [9] ) ( sec 
The modified KP equation
From (14) it is clear that the amplitude of solitons is highly depends on "a" which is a function of μ , β , i σ , 1 γ and 2 γ . There exist values of density (which we called it the critical density) for which the coefficient "a" becomes zero and thus m φ increases to infinity. Some researchers have studied KP
and KdV equations at the critical density and have obtained modified KP and modified KdV equations [2, 11, 12] . Here with
In this case we save the stretching coordinates transform in section 3, but we use the new perturbation expansions as , u ... 
